Lagrangian descriptions of irreducible and reducible integer higher-spin representations of the Poincare group subject to a Young tableaux Y [ŝ 1 ,ŝ 2 ] with two columns are constructed within a metric-like formulation in a d-dimensional flat space-time on the basis of a BRST approach extending the results of [arXiv:1412.0200 [hep-th]]. A Lorentz-invariant resolution of the BRST complex within both the constrained and unconstrained BRST formulations produces a gauge-invariant Lagrangian entirely in terms of the initial tensor field
Introduction
Some topical problems of high-energy physics are related to higher-spin (HS) field theory, being part of the LHC experiment program. The so-called tensionless limit of (super)string theory [1] , operating an infinite tower of HS fields with integer and half-integer generalized spins, incorporates HS field theory into superstring theory and turns it into a method of studying the classical and quantum structure of the latter (for the current status of HS field theory, see the reviews [2] , [3] , [4] ). This paper examines the construction of Lagrangian formulations (LFs) and so-called BRST-BV master actions in the minimal sector of the field-antifield formalism for free integer mixed-antisymmetric (MAS) tensor HS fields in a flat R 1,d−1 -space-time subject to an arbitrary Young tableaux (YT) with 2 columns, Y [ŝ 1 ,ŝ 2 ], forŝ 1 ≥ŝ 2 , in a metric-like formalism on a basis of the BRST-BFV approach [5] , [6] .
Irreducible Poincare or (anti)-de-Sitter ((A)dS) group representations in constant curvature space-times may be described by mixed-symmetric (MS) HS fields subject to an arbitrary YT with k rows, Y (s 1 , ..., s k ) (the case of a symmetric basis), determined by more than one spin-like parameters s i [7] , [8] , and, equivalently, by MAS (spin-)tensor fields subject to an arbitrary YT, albeit with l columns, Y [ŝ 1 , ...,ŝ l ] (the case of an antisymmetric basis), with integers [9] , [10] or half-integersŝ 1 ≥ŝ 2 ≥ ... ≥ŝ l having a spin-like interpretation.
MS and MAS HS fields arise in d > 4 space-time dimensions in addition to totally symmetric and antisymmetric irreducible representations of the Poincare and (A)dS algebras. For these latter, as well as for MS HS fields, LFs for massless and massive free higher-spin fields are well-developed (see, e.g. refs. in [9] ) [11] , [12] , [13] , [20] , [22] , including the BRST-BFV approach, e.g., in [14] - [19] . For MAS, the problem of field-theoretic description has not been solved completely, except for: massless constrained MS and MAS tensor fields on Minkowsky space, R 1.d−1 , as the elements of irreducible representations of gl(d)-algebra, in terms of multiforms [23] on a base of BRST detour quantization techniques [24] , with Einstein operator for the equations of motion; constrained bosonic MAS fields with 2 group indices: Lagrangians for massless HS fields on Minkowsky and for massive HS fields on AdS spaces have been considered respectively in [25] , [26] , whereas the massless fields at the level of the equations of motion in a frame-like formulation were studied in [27] .
The paper is organized as follows. In Section 2, we remind the key points of finding BRST-BFV Lagrangian formulations for MAS HS fields. In Section 3 we find gaugeinvariant Lagrangians in explicit tensor forms on a basis of the BRST complex resolution. The construction of a minimal master action and the possibility to deform its structure by non-quadratic interacting terms with appropriate HS fields in the BRST-BFV approach are briefly examined in Section 4.
We use the convention η µν = diag(+, −, ..., −) for the metric tensor, with the Lorentz indices µ, ν = 0, 1, ..., d − 1, and the notation (A), [ 
where the bracket means that the indices inside do not take part in antisymmetrization. Equivalently, the relations
describe all the integer spin MAS ISO(1, d − 1) group irreps with the help of a string-like vector |Φ ∈ H f in an auxiliary Fock space H f , generated by 2 pairs of fermionic oscillators a
To describe the single Poincare group irrep of spin s = [s 1 , s 2 ], we extend (3) by spin relations with the number particle operators g i 0 :
The condition that the BRST operator be hermitian leads to extending the set of primary constraints {o α } = l 0 , l i , l 12 , t 12 by their hermitian conjugates with respect to the scalar product in H f :
(−1)
so that the total set of constraints together with 
From the explicit form of Verma module construction for the sl(2) ⊕ sl(2) algebra, and from presenting its elements o I as polynomials in the new Fock space H with 2 pairs of bosonic oscillators b i , b
as follows:
and t with yet undetermined R-constants h i . In order to be hermitianconjugated to each other for the corresponding pair, t + 12 and t 12 , l + 12 and l 12 , as well as to be hermitian self-conjugated for g i 0 , the Grassmann-even operator (K ) + = K is introduced:
with
The hermitian nilpotent BRST operator Q , (Q ) 
with ij = − ji , 12 = 1, a generalized spin operator σ i , and the only nontrivial (super) commutators [q i , p
The Lagrangian formulation in the unconstrained case for an HS field with given spin [s 1 , s 2 ] = [s] 2 is determined by a gauge-invariant action and a sequence of (s 1 + s 2 )-stage reducible gauge transformations:
with a non-gauge |χ
[s] 2 , where |χ
, and with the substi-
in the massless and massive cases, with 2 pairs of additional odd oscillators in (L i , L
In the constrained case, the only differential constraints compose a BRST complex, including a restricted BRST operator and a spin operator (Q r , σ 
Note, without off-shell constraints, we have obtained from (16) a generalized triplet formulation, which describes reducible Poincare group representations with different spins. Calculating the scalar products for the resulting Lagrangian action
and expressing the tensor components in the remaining tower of gauge transformations leads to the final LF for the field
with the notation for a multiple trace, (Tr
, and for the gauge-independent s 1 -level gauge tensor parameter ϕ
for t
where the fact of belonging to the YT is understood for component tensor gauge parameters ϕ
(with the structure being as in (4)) after respective multiple application of the Young antisymmetrization realized by t s 2 12 , t
12 . In terms of the tensor relations we represent (20) , (21) as
where
, and antisymmetrization in 
Minimal BRST-BV actions and interacting problem
For simplicity, we consider a component LF and introduce a total set of minimal ghosts and their antifields, according to the rule (for the vanishing value of gh H ):
with an odd Φ * 
being a proper solution of a master equation in terms of an odd Poisson bracket in the field-antifield space M:
given for any functionals F.G ∈ C[M]. The action serves to construct a quantum action under an appropriate choice of a tower of reducible gauge conditions (e.g. for the MAS field as well as Φ [s] 2 interacting with an external electromagnetic field and some other HS fields which realize another Poincare group irrep, e.g., a totally-symmetric HS field in the Fronsdal formulation, like cubic interaction with gravitational field for simple mixed-symmetric fields in the frame-like formulation [30] . The consistency of deformation is to be controlled by the master equation for the deformed action with the interaction terms, thus producing a sequence of relations for these terms.
Notice, first, that the LF in the case of massive MAS HS fields in R 1,d−1 may be obtained by dimensional reduction of the massless theory in R 1,d , leading to a non-gauge theory. Second, the metric-like LF (19) , (22) may be deformed to describe dynamic of both MAS HS field with spin [s] 2 on the AdS(d) space and, independently, dynamic of MAS conformal HS field on R 1,d−1 which, in turn maybe used to study AdS/CFT correspondence problem. The Fock-space inspired Lagrangian quantization for considered BRST-BFV LFs may be described with help of generalized field-antifield vector, χ 0 g|(r) [s] 2 containing in its decomposition in powers of ghosts whole set of ghost fields and theirs antifields as considered in [31] for totally-symmetric and suggested in [32] for mixed-symmetric bosonic constrained HS fields.
